was his quiet office but his schedule was only slightly less busy than Logan Airport. However, the conversations were very pleasant and informative in both cases. The interview with Professor Polanyi is augmented here by the brief speech he gave at the Stockholm City Hall on the occasion of the Nobel Prize ceremonies in December 1986.
IH: Does the reaction dynamics approach now extend to complicated molecules? JP: Yes, it is beginning to, but the simple framework of A + B remains useful. Our finding was that most of the interesting things were related to the bond that was being formed and to the bond that was being broken. If you start to hang complex structures on the attacking species or on the species under attack, the focus of your attention remains on the atoms that comprise the bond being formed and those that comprise the bond being broken. As reaction dynamics invades organic chemistry, where more intricate rearrangements are observed, this will cease to be so true.
IH:
At the end of your Nobel lecture, as if projecting into the future, you mentioned two directions. One was transition-state spectroscopy and the other was surface aligned photochemistry. That was nine years ago. Was this a prediction?
JP: It was in a sense, because both these fields were very much in their infancy. The question was, how far would they go? As it turns out, both of them are maturing today in a very satisfying way.
I was involved with both early on. In the case of transition-state spectroscopy, we had the idea that we could see the very short-lived intermediate between reagents and products by means of something like line broadening. The spectral line broadening would be due to the strong repulsion for a millionth of a millionth of a second (10 -12 s) between the pair of particles that were in the process of separating as reaction products. So we looked at spectral lines in chemiluminescence and found very great broadening, that is to say, what are called "wings" on the lines emitted in a chemical reaction that was forming electronically excited atoms.
This was a beginning to a field that has matured in surprising and marvellous ways. One way is due to Neumark and his co-workers at the University of California, Berkeley, who obtain the transition states of chemical reactions not by bringing the reagents together but by first forming a negative ion incorporating them and then removing an electron. It's a beautiful method. It plunges you right into the heartland of a chemical reaction. Another approach is well advanced in the laboratory of Zewail and co-workers at Cal Tech and involves the use of femtosecond lasers to actually clock the reaction as it passes through the transition state. Again a fabulous development. Neither of those things was anticipated.
The way new fields are born is as a consequence, first of all, of a surmise that there is something new that can now be done. In the case of transition-state spectroscopy, the surmise was that one could study the interaction of light with the very short-lived collocation of atoms that we are talking about here. These are subpicosecond collocations which constitute the successive intermediate configuration between reagents and products. As it turned out, it could be done in much better ways than were initially dreamed of.
So much for transition-state spectroscopy, a field in which I am still enthusiastically involved.
At the same time I am heavily involved with what we call "surface-aligned photochemistry". There are quite a number of machines in my laboratory devoted, as in the past, to getting information about the motions of newly born reaction products. Previously, however, we were getting some evidence about the molecular dance in cases in which the dancers could come onto the stage in any configuration they wished; that's what happens in gas-phase chemical reactions. But if you start with your reagents in the absorbed state on a single crystal, the forces that adsorb them also order them. Then you trigger the reaction by sending a pulse of light through the ordered species. That's usually an ultraviolet laser pulse. The reaction now starts to unfold, that is to say, the dancers start to engage in their dance. The novelty is that they have started their movements this time from defined positions, marked by chalk on the stage. If you look at their unfolding motions following this ordered start, it should now be easier to infer what they did in the transition state, which is the most mysterious and interesting stage in a chemical reaction.
IH: Do calculations parallel the experiments?
JP: Our work has always included experiment and theory proceeding in parallel. We're just writing a paper which is part experimental, part theoretical, describing how photofragments leave the surface after a photolysis event. In the same paper we report the calculations (the theory) of the initial geometry of the molecular species, which we then check experimentally with polarized infrared spectroscopy. We then simulate the action of the light theoretically by considering the effect of changing a bond into an antibond. Our theoretical molecule flies apart. Next the classical and quantal equations of motion are used to predict the outcome. Finally, and crucially, we compare the computed outcome in terms of energy distributions and angular distributions with those we measure in the lab. This to-and-fofro between theory and experiment has been typical of our modus operandi.
IH:
What molecules are involved in such a study?
JP:
The simplest ones are hydrogen halides. We just had a discussion in this room, before you came in, about hydrogen iodide adsorbed on lithium fluoride and on sodium fluoride. The crystalline surface of lithium fluoride is an alternating pattern of big F -ions and little Li + ions. Even a perfect Crystal will have, therefore, a rather rough surface. When we change our surface to sodium fluoride, we are changing the unitcell size. In each case we adsorbed the same molecule, which is HI at the moment. The HI molecules try to get comfortable on the surface by bringing the iodine over Li +, to maximize attraction. They also try to bring their hydrogen end over F -, and that's an operation that involves them in making compromises, since the fit is imperfect as with a grown-up riding a child's bicycle. Then, as one increases the coverage, the adsorbed HI molecules become aware of each other's affected not just by the adsorbate-substrate forces but by adsorbate-substrate forces.
One of the variables we use in order to change the pattern of adsorbate is the pattern of adsorbate is the nature of the substrate, but it's a pain in the neck to change the substrate. Another variable, as I was saying, is the coverage. It's very common in surface science for molecules at low coverage to lie down and then at higher coverage, as they start to crowd each other, to stand up. If these molecules are the reagents for some photoreaction, then, with changing coverage, they change their relative orientation. Why does this matter? Because we have a basis for expecting the outcome of the chemical reaction to change with orientation, and hence it must change between low coverage and high.
In a sense the crystal is catalyzing the photoreaction. More interesting still, this is geometrical catalysis, brought about by aiming things differently. It is a form of catalysis that should be of particular interest to people in the dynamics community, like myself. We have been discussing the effect of different arrangements and alignments of molecules on chemical reactions for decades. Now we are developing a means of manipulating our reagent species by adsorbing them on different surfaces and with different coverages on a given surface so as to produce different alignments and arrangements at will.
IH:
Apparently, you are a public figure in Canada. You have a busy waiting room with magazines like in a dentist's office. What's your experience in communicating with people outside the scientific community? JP: Perhaps you'll concede that my magazines are better than most dentists'?
You are right that I've been engaged in various political debates, such as those sponsored by Pugwash, for over 55 years. My experience is that one can readily get access to senior politicians. The real question is, can one get them to listen? I would claim that if you make a sufficiently cogent argument, they will have to listen. I think we scientists have some training in organizing our thoughts and in trying to persuade difficult audiences.
In fact. our colleagues constitute just such an audience. When you go to a scientific meeting with a new idea, you don't expect people to applaud. What they do is to tear it apart. That's their function. In science we arrive at the truth through an adversarial dialogue. So we are used to having to make a case, and shouldn't be frightened to do so.
In the past, it is true, we were frightened to speak out on larger issues. We felt that we'd be trafficking in our reputation as scientists in order to get a hearing and that as a result we could bring science into disrepute, since people could say that we had abused our credentials.
As with most criticisms, there is something to this one. We do have to be careful about this. We have to explain what our expertise is.
But were we to take the opposite view that science is a sort of priesthood and that to keep it in high esteem we must keep it pure by ensuring that no scientist or group of scientists meddles in things outside their own discipline, then we would be involved in a different sort of irresponsibility.
The fact is that science is having a colossal effect on the world scene, and as a result we cannot responsibly opt out of the debate on world affairs. Earlier today, I had somebody in here who wanted to talk about the fiftieth anniversary of the dropping of the first atomic bomb in Japan. I was 16 in 1945 when that bomb was dropped. Though it came at the end of a huge and terrible war, it was a transforming moment in other respects, too. My own thinking was deeply affected by it, as it should have been. It transformed, for example, the relations between nations. But it was only one of a whole series of technological changes, to which we scientists have contributed, that have changed the world. It would be irresponsible, therefore, for us not to be involved in the debate that follows.
Often, all that we have been able to contribute has been technological solutions. But even these can have tremendous impact. I have, for example, been involved in a lot of arms control discussions with Russian scientists. They way perhaps seem peripheral now, but at the time two colossal adversaries were threatening each other and the world. The danger of the arms race was very real. Nonetheless, the political community, our leaders, were saying that we can't do anything about it for a whole lot of technical reasons. It was necessary for the technical community to say quite specifically, "yes, we can". If we fail to stop testing of nuclear weapons, or if we fail to reduce the number of nuclear weapons, it's not because it's impossible to verify these things. We explained in some detail how we could do it. If then we didn't do it, it was because we didn't want to. By clearing the way on the technological level, one has an undoubted influence on the way history unfolds.
Let's speak about your teachers. Was your father your teacher? JP: Formally he was my teacher for one year. I entered Manchester University in 1946 when I was 17. He lectured to me in the first year. That was the last year he lectured in science. Then he transferred to philosophy. He also taught me a great deal in conversations despite my many absences away from home, first in boarding school and then for three years as an evacuee in Canada.
Most of what he taught me about physical chemistry I learned at one remove from him. I was a student for six years in the Department that he had shaped in Manchester. My professor Meredith Evans, was one of his favorite students, and my Ph.D. supervisor Ernest Warhurst was another student of his. What I learned from his students gave me a sense of scientific values-where the field was going, what were the important questions to tackle, and to a degree, how to tackle them. Without those things I would have been lost. But it happens that I didn't get them directly from him, but from people who owed a lot to him.
When you speak about transition-state spectroscopy, it seems to me to have a close relationship to Michael Polanyi.
JP:
It does, of course, but I don't think that's the closest I got to his interests. He would have thought it farfetched that one might get light to interact with this subpicosecond entity which is neither reagents nor products. Though it was not first done with lasers, it was the existence of lasers-of which of course, he never dreamed-that got people thinking about "seeing" the transition state.
John C. Polanyi, Michael Polanyi, and Eugene P. Wigner around 1934, When I was being conceived (I was born in 1929), my father was establishing himself as the most perceptive interpreter of sodium-atom reactions, which he understood as being in a sense the simplest of all reactions. They are so simple that even a physicist can understand hem. The sodium, which is easily ionized, comes up to a molecule with high electron hops a large distance, my father coined the term "harpooning" for this. It is also called this because the positively charged sodium hauls in its negative catch. This is a uniquely simple reaction. It is different from most reactions which are fascinating because they are not sequential events. Harpooning reactions can however be described as sequential.
Step 1, reagent approaches; step 2, the harpoon jumps across; step 3, the alkali fisherman pulls in the catch. The end.
Today, in my lab, we are finding that it is possible to access the harpooning event, not by taking the reagents and bringing them together, but by forming a loose complex which is in the configuration of the transition state, that is to say, by starting in the middle of the reaction. That is what we are currently doing. And that is indeed a lineal descendent of my father's interests.
I am, however, only one of many who have seen the extraordinary possibilities offered by harpooning reactions. For example, Dudley Herschbach began his life as a dynamicist by studying that type of reaction. One should also add that my father himself was part of a continuous progression. What drew him to sodium reactions was that Fritz Haber had been studying an unexplained chemiluminescence from them. This was in Berlin and my father was in Haber's Institute as a young researcher. The history, as is usual in science, constitutes an unbroken chain.
IH: Was he the determining influence in the direction you took in science?
Michael Polanyi, Professor of Physical Chemistry, around 1937 JP: He personally wasn't. But where I trained for six years was. If the question is whether he was the determining influence in my going into science, then, yes, but I should qualify that answer. At the time when I learned most from my father, in my late teenage years, his interests were even livelier in nonscientific fields than in scientific ones. He had another son, George, who went into the humanities, equally under his influence. I could just as easily have gone into economics or philosophy or theology and have ascribed it to my father's stimulus. He was, of course, delighted to see me go into science, just as he would have been delighted to see me go in many other directions.
Perhaps I am being disingenuous. I can only say that if he steered me toward science, I didn't notice.
IH:
How did he make the transition from physical chemistry to philosophy? Were you a witness to this?
JP:
We seem destined to discuss transition states. Yes, I witnessed this one directly. I got back to England right at the beginning of my fifteenth year, and until I was well into my twenties I saw a good deal of my father. That was the time, beginning in 1944, when he was making the transition. The fact that he made that transition isn't so surprising. There are a lot of scientists who have started to ruminate about how discoveries are made, how people learn anything, and the role of logic in this as compared with faith. And all this was of interest to him too.
What is striking, in my view, is the originality and impact that he had in his new field of epistemology, the theory of learning. He would have said confidently that what he did in that area was much more important than what he did in science.
I have a sense of wonder at all he did in science, and yet I believe be may easily have been right that his contribution to epistemology will turn out to be more lasting. The sales of his books and the interest in his ideas continue to be great. Eventually his name will, of course, be forgotten, but his philosophical ideas will live on as a significant contribution to the development of philosophical thought.
What is remarkable, then, is the quality of the contribution he made in his decades as a philosopher. Actually, his first book on a nonscientific theme was being conceived in the 1950s when he attacked the Russian economic system and at the same time confronted the leading British social scientists of his day, Sydney and Beatrice Webb, who'd published a learned volume explaining how the Soviet five-year-plan constituted a superb innovation and was bringing prosperity to the USSR. My father took this thesis apart in a series of essays, which became a book in 1940, that went far beyond economics and inquired why it was that British liberals, the so-called Fabians, were so careless of the freedoms that they enjoyed; the book was called The Contempt of Freedom. It was an influential book and a prescient one. It is forgotten today. His best known book is, instead, Personal Knowledge.
Michael Polanyi addressing the Congess of Cultural Freedom in Milan about 1956 with French political scientist Raymond Aaron
As with new scientific theories, my father's thinking was initially rejected by the professionals. He was not embraced by the philosophers of his day, who felt that he was an ignorant outsider. This lasted for a large part of his time in philosophy. The people who paid attention to his work were closer to theology. This was in part because the philosophy of the time was "linguistic analysis". That brand of philosophy, centered on the study of the structure of language, passed. I don't know whether my father contributed at all to its passing. It is an interesting question. Whatever the case, there followed a school of philosophy far more friendly to his ideas.
IH: Do you share his interest in philosophy?
JP: Just as a human being; not as a philosopher. I have no qualifications or ambitions in that area. It was a very brave and extraordinary undertaking on his part to do something so ambitious in the realm of philosophy. Unless you read widely and deeply, you are vulnerable to attack. But he did read widely and could withstand a skeptical and at times hostile audience.
IH:
It wasn't only Michael Polanyi who made the name of Polanyi famous. It was a very extraordinary family in Hungary. Are your children aware of their family background? JP: They are well aware. The spirit of curiosity and creativity is very evident in them. Our daughter is a journalist and TV producer (in science, to her surprise), and our son has done a lot of things starting with science and leading into the heartland of politics and social science.
Earlier you mentioned that your father shaped his department in Manchester. Have you shaped your department at the University of Toronto? JP: No I haven't. The structure of science in the academic world is totally different here. In England, as on the continent the Head of the Department shaped the interests for the whole department. That's not the case here. Nobody who has worked with me since I've been here, starting in 1956, has been appointed to a position at the University of Toronto. There is no "School". It's not like that. But I do have students in other places working on things that had their origins in interests the encountered while working in this laboratory. I'm happy about that.
Whatever the structure of the academic community, one expect one's influence to be fleeting. What people hope for is that this fleeting influence will, on balance, be positive. Perhaps it is as well that they never find
